The present paper describes a multicentre evaluation of a one step enzyme-immunoassay for the determination of cortisol in serum or plasma. Data from the investigation were analysed in terms of imprecision, detection limit, and correlation with other test methods.
Introduction
Cortisol is the major glucocorticoid produced and secreted by the adrenal gland. It is involved in the regulation of protein, fat and carbohydrate metabolism, electrolyte balance, body water distribution, blood pressure regulation and immunosuppressant antiinflammatory action. For the assessment of adrenocortical function the estimation of serum cortisol is essential (1) . Thus, various procedures have been described for the determination of cortisol, such as different radioimmunoassays (RIA) (2) , high performance liquid chromatography (HPLC) (3), luminescence immunoassay (LIA) (4) , and fluorescence polarisationimmunoassay (FPIA) (5) . Recently, a new method for the determination of cortisol was developed, namely a competitive one-step enzyme-immunoassay, Enzymun-Test® Cortisol. In this test, serum/ plasma cortisol and peroxidase-labelled cortisol compete for cortisol antibodies coated to the tube wall. After addition of chromogen the absorbance of the developing colour complex is measured and the cortisol concentration calculated from a standard curve.
The aim of this study was to investigate the imprecision and detection limit of this new Enzymun-Test® as well as its suitability for daily laboratory routine use. Furthermore, the investigation was aimed at comparing cortisol levels determined by this test with those .determined by the above-mentioned methods. The following paper describes the results of a multicentre evaluation of Enzymun-Test® in nine laboratories.
Materials and Methods

Materials
Each of the nine laboratories used serum samples from the routine workload. For investigating within-run imprecision and between-run imprecision serum pools were used. For the purpose of quality control, two control sera (Precinorm®-IM, lot 09, cortisol 331 nmol/1 (120 μ §/1); Precipath®-IM, lot 10, cortisol 751 nmol/1 (272 μg/l); Boehringer Mannheim GmbH, FRG) were used throughout.
The determinations were performed either with the batch analyser ES 22 or the fully automated system ES 600 (Boehringer Mannheim GmbH, FRG) (6).
Analytical procedures
Enzymun-Test® Cortisol is a competitive one-step enzyme-immunoassay. The detailed assay protocol is shown in figure 1 . In the first step, cortisol from serum or plasma samples and horseradish peroxidase-labelled cortisol compete for a limited quantity of polyclonal cortisol antibodies coated to the tube wall. During this step, sample cortisol is displaced from its serum binding protein using a steroid (first progesterone, in later experiments danazole) contained in the incubation buffer. Bound/free separation is achieved by a simple washing step. Then, the substrate, di-ammonium 2,2'-azino-bis(3-ethyl-benzothiazoline-6-sulphonate) (ABTS®) is added and the absorbance is measured at 420 nm (ES 600) or Hg 405 nm (ES 22). Serum cortisol concentration is calculated from a standard curve. The total assay time is about one hour.
Calibration
The Enzymun-Test® Cortisol was calibrated using isotope dilution-mass spectrometry (ID-MS) recommended by the "Deutsche Gesellschaft f r Klinische Chemie" and the "Commission of the European Communities" (7) as reference method. Masterlot calibrators were determined by ID-MS using the method of Siekmann & Breuer (8) . The concentrations of testkit calibrators are determined from the masterlot calibration curve.
Specificity
Antibodies to cortisol were raised in sheep using cortisol coupled to keyhole limpet haemocyanin as the immunogen. Crossreactivities of cortisol-related substances are shown in table 1. For a better interpretation of cross-reactivity data, the reported maximal serum concentrations are listed in the right-hand column.
Recovery
As shown in table 2, the recovery of reference materials with Enzymun-Test® Cortisol was found to vary from 98.9% to 109.4%.
Imprecision
Two control sera were analysed by each laboratory with Enzymun-Test® Cortisol at two different concentration levels (331 and 751 nmol/1 corresponding to 120 μg/l, and 272 μg/l). Furthermore, the cortisol content was measured in two or three individual human serum pools (concentration range: 55 to 864 nmol/1 = 20 to 313 μg/l for within-run imprecision and 74 to 751 nmol/1 = 27 to 272 μg/l for between-run imprecision). Within-run imprecision was determined from 20 measurements at each concentration level. Between-run imprecision was derived from measurements over ten days.
Lower detection limit, linearity
In order to ascertain the lower detection limit the absorbance was measured in each laboratory 20 times with the zero calibrator of the kit (17 nmol/1 = 6 μg/l) as sample. The value of the lower detection limit was estimated by reading the mean plus three S.D. of the absorbance from the corresponding calibration curve (9). Linearity of Enzymun-Test® Cortisol was determined in each laboratory by diluting specimens containing high concentrations of cortisol (in human serum and/or the highest standard) with increasing amounts (n = 10) of specimens containing low cortisol concentrations (9 g/1 NaCl or the lowest standard). Linearity was checked by linear regression analysis and visual inspection of the relative differences between the calculated and measured concentrations. 
Imprecision
The coefficient of variation (CV) obtained by the nine laboratories with the Enzymun-Test® Cortisol for within-run imprecision (n = 20) ranged between 1.3 and 5.6% for control sera (tab. 3 A), and between 1.7 and 11.7% for human serum pools ( fig. 2 a) . The CVvalues for the between-run imprecision (n = 10) ranged between 2.3 and 9.6% for control sera (tab. 3B), and between 3.3 and 20.8% for human serum pools ( fig. 2b ). There were no significant differences in CV between ES 22 and ES 600.
Lower detection limit, linearity
The detection limit of cortisol is defined as the threefold standard deviation of absorbance of a zero standard calculated from the calibration curve. Based on nine laboratories, a mean lower detection limit (±SEM) of Enzymun-Test® Cortisol of 30 ± 8 nmol/1 = 11+3 μg/l (range: 22 to 50 nmol/1 = 8 to 18 μg/l) was calculated. good agreement between the Enzymun-Test® Cortisol and the reference method is demonstrated. Furthermore, human serum samples were analysed with the proposed method and four other cortisol assays. Table 4 In one laboratory, the cortisol concentration was measured simultaneously with Enzymun-Test® Cortisol and RIA in the sera of 10 patients before and after administration of dexamethasone ( fig. 5 ). The cortisol concentration measured with both methods showed no significant differences, either before or after dexamethasone application.
Tab. 4. Correlation between Enzymun-Test® Cortisol and four different methods using a biometric regression procedure 
Discussion
The present paper describes a multicentre evaluation of a one-step enzyme-immunoassay for the determination of cortisol in serum or plasma samples. The easy handling and short measuring time prove the suitability of Enzymun-Test® Cortisol for daily laboratory routine work. The imprecision of this assay is rather low; with the exception of one evaluator, the coefficient of variation for within-run imprecision was less than 8% and for between-nm imprecision less than 12%. These values are comparable with those reported for RIA (2, 11) For the RIA systems, however, the slopes were found to vary between 0.95 and 0.73. Similar differences were found concerning FPIA. This, in part, may be due to a change in the standard material used during this multicentre evaluation.
In conclusion, Enzymun-Test® Cortisol permits in general a precise and specific determination of cortisol in serum or plasma. Furthermore, it offers the advantages of a non-radioactive assay and the possibility of mechanization, using the ES 600 equipment.
